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T raumatic spinal cord injuries are commonly caused by motor vehicle accidents, falls, gunshot wounds, and nonmissile penetrating injuries. The annual incidence of traumatic spinal cord injury worldwide is estimated to be 35 patients per million, with young men most commonly affected for penetrating spinal injuries. 1, 2 Nonmissile penetrating spinal injuries most commonly occur in the thoracic region. Of the patients admitted for penetrating spinal trauma, 76% had neurologic deficit in a review of 450 stab injuries to the spine. 3 Several authors have reported patients with nonmissile penetrating injuries involving the paraspinal cord region that presented with no neurologic deficit. 2, 4 The management of patients with no neurological deficit is controversial due to the risk of neurologic status alteration intraoperatively. However, failure to intervene increases the risk of infection, delayed onset of neurologic deficit, and worsening functional outcome.
5

Case RepoRt
A 17-year-old boy with a history of reactive airway disease presented to the emergency department after sustaining a stab wound to the mid-thoracic spine. On initial presentation, the patient was in a prone position, awake, oriented, and hemodynamically stable, with a Glasgow Coma Score of 15. On initial examination, a 2-cm entry wound with the end of a steak knife (with no handle) existed in the mid-thoracic region. The patient had full motors graded at 15/5 and sensation to light touch in the lower extremity bilaterally in all muscle groups and distribution, respectively. Deep tendon reflexes were 12/4 bilaterally, and no clonus, Hoffmann, or Babinski signs were detected. Rectal tone was normal, with voluntary contraction.
Thoracolumbar spine precautions were followed. Anteroposterior and lateral chest radiographs revealed knife penetration at approximately T7-T8 and no evidence of pneumothorax or hemothorax ( Figure 1 ). Subsequent computed tomography (CT)-angiography with contrast and 3-dimensional reconstruction revealed that the knife traversed the left T8 lamina and terminated in the anterior portion of the T7 vertebral body (Figure 2 ). Axial CT revealed the blade in the middle of the thoracic spinal cord (Figure 3) .
Preoperatively, the patient was started on prophylactic antibiotics, morphine, and Solu-Medrol (Pfizer, New York, New York) (steroid) protocol. The patient was placed in the lateral position. General anesthesia and endotracheal intubation were performed. The patient was transferred to and placed in the prone position on the Jackson table. An incision was made at the midline in a separate location than the entry site. The spinous process was identified and removed, and laminectomy was performed 1 level above and below the knife blade. The knife blade entered the mid-thoracic spine in a longitudinal fashion, and a cerebrospinal fluid leak and dural tear also existed. The dural tear was extended, and the knife blade was removed with gentle tapping in line with the entry trajectory.
After knife blade removal, hemostasis was performed with a bipolar cautery. Significant expansion of the thoracic cord existed, and additional 16 mg of dexamethasone was given. The dural tear was sealed with a collagen matrix (DuraGen Ta-Seal, Integra LifeSciences, Plainsboro, New Jersey) without direct closure. The wound was irrigated and closed with vicyrl and nylon sutures (Ethicon, Inc, Somerville, New Jersey). The patient tolerated the procedure well, and no complications occurred.
Postoperative examination revealed that the patient had full strength and sensation to light touch in the upper and lower extremities bilaterally. Reflexes were 21 and symmetrical throughout with negative Babinski, clonus, and Hoffman signs. At discharge, the patient was able to ambulate with the assistance of crutches and demonstrated normal bowel and bladder function. 
DisCussion
Knife injuries to the spinal cord are infrequent and presented as case reports in the literature. [5] [6] [7] [8] [9] [10] [11] [12] Although relatively uncommon, several instances have been reported of penetrating thoracic trauma with extradural spinal cord involvement with no neurologic deficits. Similarly, cases have been reported of patients with significant neurologic deficit on presentation who recovered neurologic capacity postoperatively.
7,10,13 The patient's overall outcome is most notable for his lack of deficit given the intradural penetration through the spinal cord compared with the extradural penetration in other cases. To the authors' knowledge, this is the only case report of a patient with an intradural spinal cord penetration by a foreign object (knife blade) presenting with a normal neurologic examination preoperatively that persisted throughout the course of postoperative care.
The anatomy of the thoracic spinal cord, which consists of 12 vertebrae between the cervical and lumbar spine, is a common area of penetrating injury. 14 Injury to this region of the spine differs from other regions because it is less mobile and is responsible for trunk stability. The vertebral body size at this level increases in diameter anteroposteriorly and decreases transversely. Despite vertebral body size, the lumen of the spinal canal is the smallest at the thoracic level, allowing little room for the ascending and descending spinal cord fibers to part without severing on disruption. 14 The nerve roots exiting from T6-T8 are responsible for intercostal muscle function and other associated dermatome sensations.
14 Transverse disruption of this region of the spine results in complete paralysis of the lower extremity on injury. In our case, a longitudinal disruption in the middle aspect of the thoracic cord, which parallels the 2 hemispheres of the spinal cord, resulted in no lower extremity motor or sensory deficits. Had the knife penetrated the patient's spinal cord at any other angle, significant neurologic deficit would have occurred.
Management of a patient with a penetrating spinal cord trauma depends on the mechanism and duration of injury. When dealing with significant penetrating trauma, such as stab wounds, 61% of patients typically have significant neurologic recovery. 15 Surgical intervention is critical to neurologic outcome regardless of initial neurologic status. 2, 5, 7, 11, 13, 16 In contrast, the literature supports that surgical intervention for low-velocity penetrating bullet injuries does not improve neurologic outcome. However, early surgical intervention has a significant effect on associated factors, such as decreasing the infection rate, cerebrospinal fluid fistula, and arachnoitis. 10, 16, 17 Rapid surgical intervention was critical in our case because the knife was lodged between the 2 hemispheres of the spinal cord. The essential components of surgical intervention must first involve careful positioning and transferring of the patient (in the prone position) onto the Jackson table. Prior to positioning, the patient was placed in the lateral position by the supporting operating room staff and underwent endotracheal intubation with general anesthesia. Intubation in the lateral position prevents laryngeal structures from collapsing, 18 decreases obstruction in patients with sleep apnea, 19 and has been described in the literature as an option in failed intubation drills. 20 However, it is technically more difficult compared with the supine position and requires longer overall intubation time. 21 Other potential options of airway management include fiber optic assisted intubation, 22 direct laryngoscopy and endotracheal intubation, 23 and laryngeal mask airway 24 with the patient in the prone position.
The essential technical components of surgical intervention include identifying the location and spinal level of the foreign object (knife blade), surgical decompression 1 level above and below, knife blade removal in the line of the original trajectory to minimize additional damage, and dural repair with collagen matrix, not direct primary closure.
After knife blade removal, significant cord swelling existed, and because the T7-T8 region is part of the vascular watershed area in the spine, 25, 26 a direct closure of the dura, which would reduce the space available to accommodate the cord edema and possibly cause secondary injury, was not performed. Collagen matrix graft (Duragen Re-seal, Integra LifeSciences) was used to seal the dural leak, and recent studies have demonstrated the collagen matrix as an effective way to manage dural tears without sutures. Narotam et al 27 used Duragen collagen matrix in 110 patients for spinal dural repair and reported a success rate .95% for cerebrospinal fluid containment after anterior and posterior spine surgeries. Although Narotam et al 27 did not place a drain, they reported safe usage of subfascial drain placement in their study group.
ConClusion
In a patient with a nonmissile penetrating spinal cord injury with a retained foreign object and no neurologic deficit, the authors recommend transferring the patient to the prone position, careful positioning, surgical decompression with laminectomy 1 level above and below the injury site, removal of the foreign object in the original trajectory path, and repair of the dural tear with a collagen matrix without direct closure.
